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ABSTRACT. The Noosa Quartz Diorite pluton, emplaced in Mesozoic sandstone, is composed of 
plagioclase, hornblende, quartz, and other minor minerals. It contains at least three types of quartz­
feldspar veins: 
1. Narrow quartz-plagioclase veins, less than ! em thick, containing slightly more quartz and less 
biotite and chlorite than the enclosing rock. 
2. Aplite veins, a few centimetres thick, composed of potassic feldspar, sodic feldspar, and quartz. 
3. Composite veins, a few centimetres or tens of centimetres thick, normally composed of a central 
granitic vein rock which contains more quartz than the enclosing quartz diorite, and a marginal vein 
rock composed mainly of potassic feldspar and quartz. A transitional vein rock, whose composition 
is intermediate to that of the granitic and marginal vein rocks may also be present. Some of the 
composite veins, when traced along strike, grade into the enclosing quartz diorite. 
Mechanisms of vein emplacement are considered and discussed. It is suggested that some vein 
rocks have crystallized from a silicate melt which moved to the site of vein formation by fluid flow, 
while other vein rocks have crystallized from a dispersed phase which moved to the site of vein 
formation by diffusion through solid quartz diorite. 
INTRODUCTION 
Noosa National Park is on the east coast of Queensland, 110 miles north of 
Brisbane. The most recent and most intensive study of the geology of the park area 
was carried out by Miss B. R. Houston (1959) who mapped and described a portion 
of a quartz diorite pluton at Granite Bay (Fig. 1 ). 
The exposed portion of the Noosa Quartz Diorite pluton at Granite Bay 
contains many quartz-feldspar veins, as observed and briefly described by Houston 
(1959). The rock in most of the veins may be provisionally referred to as granite or 
aplite; material of sufficiently large and variable grain size to be classed as pegmatite 
is uncommon. Some veins contain two or three different rock types. 
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FIG. 1.-Noosa National Park and surroundings. The location of the Noosa Quartz Diorite pluton 
at Granite Bay is shown in relation to exposures of Mesozoic sedimentary rock, mainly sandstone 
(broken horizontal lines) and a hornblende porphyry sill (black). Most of the area is covered by sand 
(stippled). Geology by Miss B. R. Houston (1959). 
Preliminary examination of the veins at Granite Bay revealed that most veins 
terminate along strike in the normal manner, that is by becoming narrower, but 
that some veins terminate in a zone in which the margins disappear and the central 
portion of the vein passes gradationally into the enclosing quartz diorite. 
These observations suggest that the veins are not as simple as veins in granitic 
plutons are commonly supposed to be. Consequently, data were collected on their 
shape, mineral content, texture, and mineral distribution in the hope of increasing 
our understanding of the processes involved in the emplacement of these and other 
veins in granitic host rocks. 
THE NOOSA QUARTZ DIORITE 
A mass of quartz diorite is exposed along the shore at Granite Bay for a distance 
of about 800 feet (Fig. 2). The eastern and western margins of the mass are exposed 
near sea level and are in contact with Mesozoic quartzite. The northern part of the 
mass is covered by the sea and the southern portion by sand, so that its exact shape 
and size are unknown. Jensen (1906) considered the mass to be a laccolith but 
Houston (1959) regarded it as a stock. 
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Macroscopic examination reveals that the quartz diorite is variable in mineral 
composition and texture within the limits of its exposure. According to Houston 
(1959), variation exists in the proportion of the main mineral constituents, plagioclase, 
hornblende, and quartz. 
TABLE 1 
CHEMICAL ANALYSIS OF THE 
NoosA QuARTZ DIORITE (JENSEN, 1906) 
Si02 
A1203 
Fe203 
FeO 
MgO 
CaO 
Na20 
K20 
H20+ 
H20-
C02 
Ti02 
P20a 
MnO 
NiO 
s 
Per Cent 
57.66 
21.17 
0.05* 
5.1I 
1.70 
6.57 
3.81 
1.73 
1.00 
0.05 
0.11 
0.88 
tr. 
0.11 
0.04 
0.05 
*In view of the common presence of magnetite, this value may be too low. 
A chemical analysis of the quartz diorite was presented by Jensen (1906) and 
this is reproduced in Table I.
The writer did not attempt to explore in detail the existing variation in mineral 
composition and texture within the quartz-diorite pluton. However, data were 
collected on the nature of the rock at Site 16 in the eastern part of the pluton (Fig. 2) 
and at Site I 9 in the western part of the pluton (Fig. 2) where the rock is slightly 
darker. These data, which are presented below, provide an indication of the properties 
of
. 
the quartz diorite and a background to the study of the enclosed quartz-feldspar 
vems. 
Quartz diorite at Site 16 (Fig. 2) 
The rock at Site 16 is represented by specimens N 6-64 and N9-64 (Fig. 5) and is 
composed of the minerals and mineral proportions listed in Table 2. 
Plagioclase occurs as subhedral to euhedral prismatic crystals, whose dimensions 
TABLE 2 
MINERAL ASSEMBLAGES AND PROPORTIONS (VOLUME PER CENT) 
IN Two SPECIMENS OF NOOSA QUARTZ DIORITE 
Plagioclase 
Potash feldspar 
Quartz 
Hornblende 
Biotite and chlorite 
Magnetite 
Apatite 
Epidote, calcite, pyrite 
I N6-64 NI 0-64 
(Site I 6, Fig. 2) (Site I 9, Fig. 2) 
53 
12 
18 
10 
4 
3 
<I 
80 
6 
4 
9 
I 
<I 
<I 
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a 
FIG. 3.-Aplite veins in a block of Noosa Quartz Diorite, showing: a, parallel planar contacts; 
b, parallel irregular contacts, c, a projection of country rock, d, an inclusion of country rock; e, 
variation in thickness correlative with variation in direction; and/, a bridge of country rock. 
parallel to [100] and [001] are two to three times as great as that parallel to [010]. 
Hence many grains are lath-shaped when observed in section. Most plagioclase 
grains fall in the size range I= 0.5 to 2.0 mm where I is the greatest grain dimension. 
Although nearly all of the plagioclase grains examined are zoned in an oscillating 
manner, variation in composition from one zone to another is evidently small. The 
average or dominant composition of these grains is estimated to be about 55 mole 
per cent anorthite (An 55 ± 2), based on careful extinction angle and index of re­
fraction measurements.1 Some grains are also zoned in a normal manner and are as 
rich in sodium as :-:: An 20 at the grain margins. Carlsbad, albite, and pericline 
twins are common and some less common types of twins may also be present. 
Some of the hornblende grains are nearly euhedral prismatic crystals which 
display { 110} and { 010} faces while others are anhedral and interstitial to plagioclase
grains. The size of hornblende grains varies greatly compared with that of plagioclase; 
most grains fall in the size range I = 0.5 to 7.0 mm, where I is the greatest grain 
1 Determination curves of Deer et a/. (1963) were used in the present study.
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dimension (e.g. length of prism). In thin-section th_e amphibole is pleo�hroic; Z = brownish-green, X = pale yellow-green. On the basis of mdex of refractiOn measure­
ments the Mg/Mg + Fe ratio of the crystals is estimated to be 0.60 ± 0.1 ?· �n 
intermediate Mg:Fe ratio for the ferromagnesian minerals, �or�blende and biotite, 
is also indicated by the bulk chemical analysis of the quartz dwnte (Table I). 
PLATE I.-Small quartz-plagioclase veins in the Noosa Quartz Diorite pluton at Site 19, Figure 2. 
The veins are nearly vertical and slightly irregular in shape. The observation that some joints (j) are 
parallel or nearly parallel to some veins (v) is probably not significant. 
Potash feldspar and quartz occur as nearly equidimensional, small ( ::: 0.1 mm 
diameter) grains and grain aggregates occupying interstitial places between plagio­
clase grains. Magnetite occurs as subhedral grains (0.05 to 0.5 mm diameter) or 
grain clusters apparently randomly distributed throughout the rock. Biotite forms 
anhedral grains, most of which are between 0.1 and 0.5 mm in greatest dimension. 
In thin-section it is pleochroic; Z = deep brown-red, X = pale yellow-brown. Tiny 
prismatic crystals of apatite are scattered apparently randomly throughout the rock; 
they commonly occur as inclusions in plagioclase grains. 
The rock at Site 16 is homogeneous and mineral grain orientation is apparently 
random. 
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Quartz diorite at Site 19 (Fig. 2) 
The quartz diorite at Site 19, when compared with the rock at Site 16, is slightly 
darker in colour, does not contain potash feldspar, and possesses a marked foliation 
defined by parallel orientation of prismatic plagioclase crystals. The mineral assem­
blage and proportion of the rock, as found in specimen NI0-64, are listed in Table 2. 
The rock is composed predominantly of prismatic plagioclase crystals whose 
properties (size, shape, zoning, and twinning) are similar to the plagioclase cyrstals 
at Site 16. A parallel or sub-parallel arrangement of plagioclase crystals is detected 
with difficulty in the field but is conspicuous either on a rock surface that has been 
etched with hydrofluoric acid or in thin-section. Extinction angle measurements 
suggest that the composition of the plagioclase crystals is An 55 ± 2, which is similar 
to the plagioclase composition at Site 16. 
Plagioclase grains tend to impose their crystal faces against hornblende and 
quartz grains, so the latter minerals may be regarded as interstitial. Grain size 
variation for hornblende is again greater than for plagioclase; the greatest dimension 
of most grains falls in the range 0. 5 to 3.0 mm. Compared with the quartz diorite 
at Site 16 quartz forms relatively large grains with diameters as great as I mm. 
Some of these are wedge-shaped grains occupying spaces between nearly euhedral 
plagioclase crystals. 
Biotite and chlorite occur as discrete grains or as fine intergrowths. Locally 
these minerals are associated with hornblende and appear to be products of horn­
blende alteration. Elsewhere, chlorite forms fine shred-like grains that are interstitial 
to plagioclase grains or occur as tiny inclusions in plagioclase and it is this dispersion 
of chlorite throughout the rock that is chiefly responsible for its relatively dark colour. 
Magnetite, pyrite, epidote, apatite, and calcite grains are erratically scattered 
in the rock and form only a small proportion of the total rock volume. 
Mechanism of crystallization 
The shape of the plagioclase crystals is particularly diagnostic of the history of 
the quartz diorite rock. The presence of oscillatory zoning in these crystals makes 
it possible to determine the shape of the crystals at various intervals of time during 
their growth and the change of shape during the time of crystal growth. Because 
these shapes are invariably euhedral and because the present shape of most plagioclase 
crystals is euhedral to subhedral, it may be deduced that the crystals grew in a fluid 
medium, i.e. from a silicate melt, and it may be inferred that the entire rock, with the 
exception of small amounts of chlorite, etc. , crystallized from a silicate melt. These 
deductions are in agreement with those of Houston (1959), who considered the 
emplacement of the pluton in considerable detail. 
THE VEINS 
Numerous quartz-feldspar veins are found in the Noosa Quartz Diorite pluton 
and in the surrounding quartzite and sandstone (Houston, 1959). They tend to 
occur in groups of a few nearly parallel individuals. The orientation of some of these 
swarms is shown in Figure 2. 
Within the Noosa Quartz Diorite pluton three classes of veins may be recog-
nized: 
Quartz-plagioclase veins, � 0. 1 to 0. 5 em thick, composed of quartz, plagioclase, 
and hornblende. 
Aplite veins, 0.5 to 10 em thick, composed of quartz, plagioclase, and potash 
feldspar. 
Composite veins, 3 to 20 em thick, normally composed of a granitic interior 
and quartz-potash feldspar margins. 
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Quartz-plagioclase veins 
Description 
Quartz-plagioclase veins are especially abundant at Site 19 (Fig. 2) where they 
may be seen to pass through the quartz diori�e in various �irections and with. con­
siderable variation in trend (Pl. I). Contacts With the enclosmg rock are gradatiOnal. 
TABLE 3 
MINERAL ASSEMBLAGES AND PROPORTION (IN VOLUME PER CENT) 
OF A QUARTZ-PLAGIOCLASE VEIN COMPARED WITH THAT OF THE 
ENCLOSING QUARTZ DIORITE (SPECIMEN N10-64, SITE 19) 
Vein Enclosing Rock 
Plagioclase 80 
Quartz 14 
Hornblende 5 
Biotite and chlorite l 
Magnetite and minor pyrite < 1 
Epidote < 1 
Apatite < 1 
Calcite < 1 
Composition of 
plagioclase An 55 ± 2 
80 
6 
4 
9 
I 
<I 
<I 
<1 
An 55± 2 
Microscopic examinations have shown that the minerals of these veins are the 
same as those of the enclosing quartz diorite, as shown in Table 3. Relative to the 
enclosing rock, the veins contain more quartz and less biotite and chlorite. The 
absence or near-absence of biotite and chlorite from the veins is the cause of their 
relatively light colour. 
The texture of the veins at Site 19 is similar to that of the enclosing quartz 
diorite described above. The composition of the plagioclase grains in the veins, esti­
mated by extinction angle measurements, is apparently the same as that of the en­
closing rock {Table 3). However, variation in composition of individual grains 
(zoning) may be slightly greater within the veins. 
Interpretation 
A volume of silicate melt that is crystallizing under static conditions is expected 
to produce a homogeneous mas;; of crystalline rock. However, if stresses are applied 
before the mass is completely solid, shear movement may take place along certain 
zones (not fractures) that may be quite irregular. These zones may be places of 
relatively low pressure to which interstitial fluid is expected to migrate. In this manner 
veins of the type shown in Plate l may possibly be formed. 
The enclosing quartz diorite contains quartz grains that are interstitial to plagio­
clase crystals and, if the above mechanism takes place after the crystallization of 
plagioclase is nearly complete, it may produce veins that are enriched in quartz. 
In addition the mechanism is expected to give rise to plagioclase and hornblende 
crystals in the veins that are nearly identical in composition to corresponding crystals 
in the surrounding rock. Since the veins under study are enriched in quartz and 
contain plagioclase of nearly identical composition to that of the surrounding rock 
(Table 3), the above mechanism is an apparently plausible interpretation of the 
development of the quartz-plagioclase veins. 
It is difficult, however, to account for the small amount of chlorite and biotite 
in the veins as compared with the enclosing rock. If these minerals are products of 
hornblende alteration, as they locally appear to be, then the veins initially contained 
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about 6 per cent hornblende, while the enclosing rock contained about 13 per cent 
of this mineral (Table 3). The above mechanism does not account for this great 
difference in hornblende content nor does it easily explain why interstitial chlorite 
is now present in the rock but not in the veins. 
The difficulty in accounting for the observed distribution of ferromagnesian 
minerals leads to the following suggestion of another possible mechanism. This is 
that the veins formed after the enclosing quartz diorite was completely solid. Quartz 
was then introduced to the rock along certain irregular paths on which interstitial 
chlorite and biotite or their predecessor, hornblende, were selectively replaced by 
the introduced quartz. This mechanism would cause a simultaneous increase in 
quartz and decrease in ferromagnesian minerals, without altering the plagioclase 
content, as actually found (Table 3). 
These suggestions are little more than speculations of a process or number of 
processes that have operated and produced the veins as we presently see them. 
Further study may prove one or both to be unacceptable. 
PLATE 11.-Five ages of aplite veins in a block of Noosa Quartz Diorite. Veins 1 to 5 are progressively 
younger in age. Each of veins 1 to 4 is "cut" and offset by the succeeding vein. The later veins (4 
and 5) are thicker than the earlier ones (1, 2, and 3). The en echelon structure of vein 3 is shown. 
Aplite veins 
Description 
Small veins, 1 to 10 em thick, composed of potash feldspar and quartz with smaller 
proportions of plagioclase, biotite, chlorite� a�d magnetit� are esp�cially abund�ntin the western part of the Noosa Quartz Dwnte pluton (Site 20, Fig. 2). Accordmg 
to Houston (1959), similar veins are common in the surrounding quartzite and 
sandstone and may be found at distances up to a mile from the pluton. 
The veins are normally tabular in shape, with sharp, nearly planar contacts 
(Fig. 3, at a). Where the veins are irregular in shape, the walls are again nearly parallel 
(Fig. 3, at b). Branching and en echelon structures may be found (Fig. 3 and Plate II). 
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Projections and inclusions of country rock are moderately common (Fig. 3, at c
and d respectively). . . . . 
One of the veins in the western part of the quartz dwnte pluton IS 5 mm thick 
and in sharp contact with the enclosing rock. The contacts "cut through" zoned 
plagioclase crystals of the host rock. The vein is composed of potash f�ldspar ( � 50 
per cent), plagioclase c� 25 per cent), quartz c�. 25 per cent),_ and _mmor amounts
of biotite and magnetite ( < 1 per cent). It contams the followmg kmds of feldspar 
and quartz grains: 
1. Alkali feldspar, 1-2 mm in diameter, some of which are composed of a fine laminar
intergrowth of potassic and sodic feldspar. 
2. Alkali feldspar, 1-2 mm in diameter, containing inclusions of quartz grains, all
of which may have parallel crystallographic orientation (graphic intergrowth). 
3. Plagioclase, 1-2 mm in diameter, of intermediate composition; twinned grains 
are uncommon. 
4. Plagioclase, 1-2 mm in diameter, containing inclusions of quartz grains.
5. Quartz, 1-2 mm in diameter.
6. Quartz and feldspar, 0.03-0.15 mm in diameter.
Grains of Types 1 to 4 occupy the broad marginal regions of the vein, which take 
up most of the vein volume, while grains of Type 5 are concentrated in the central 
part and grains of Type 6 are confined to the central part of the vein. Quartz in­
clusions in grains of Types 2 and 4, where elongate, are orientated nearly perpen­
dicular to the vein walls. 
Interpretation 
Where intersections of aplite veins are observed, different ages of veins may 
be deduced. Thus the data of Plate II suggest that five different ages of quartz-feldspar 
veins are present and that the process of vein emplacement occurred at least five 
times during a span of geologic time. 
Evidence for dilation rather than replacement during vein emplacement may be 
found where earlier veins are offset by later veins (Pl. II), where variation in thickness 
is found to accompany a change in direction (Fig. 3, at e), where veins are spanned 
by bridges of country rock (Fig. 3, at f), and where projections of country rock are 
found in veins (Fig. 3, at c). Although each of these observations does not constitute 
an entirely reliable criterion, when considered as a group, strong evidence for dilation 
is indicated. 
The presence of sharp contacts between veins and country rock, which locally 
"cut through" plagioclase crystals, indicates that the veins are fracture-controlled. 
It is suggested therefore that the veins are fracture-fillings. This interpretation, 
together with the "cutting" relationships observed in Plate II, implies that the Noosa 
Quartz Diorite was completely solid at the place and time of vein formation. 
The commonly accepted interpretation of the emplacement of aplite veins, 
when they are found in granite, granodiorite, and quartz diorite plutons, is that 
they crystallized from a silicate melt which was derived from the enclosing pluton 
(Williams et al., 1954). The aplite material is thought to be a "residual solution" 
derived from portions of the pluton that were at the time not completely solidified 
and these "solutions", having a composition quartz + alkali feldspar + water, 
were forced into opening fractures elsewhere in completely solidified portions of 
the pluton. Since quartz and potash feldspar were among the last minerals to crystal­
lize in the Noosa Quartz Diorite pluton, as deduced from its texture and expected 
on experimental grounds (Tuttle & Bowen, 1958), the above mechanism appears 
plausible. 
However, the texture of the aplite veins is not the kind of texture one would 
expect to find in a vein that has crystallized from a melt. Fine-grained quartz and 
feldspar are found in the central portion of the veins, rather than at the margins, 
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as observed in certain dykes that are known to have crystallized from a melt. More­
over, the quartz-feldspar (graphic) intergrowths are difficult to understand in terms 
of the process of magmatic crystallization, as discussed by Simpson (1962) and others. 
Some of the aplite veins at Granite Bay are tiny lens-shaped masses that are 
presumably isolated in the quartz diorite pluton. It is difficult to understand how a 
silicate melt could reach these sites of vein crystallization. The migration of silicate 
melt through solid quartz diorite appears improbable. 
Another interpretation of the emplacement of aplite veins has been advanced 
by King (1948) and others, who found evidence to indicate that the veins replaced 
the enclosing rock. Here it is necessary to envisage a rather complex process whereby 
the minerals of a granitic country rock are replaced by the minerals of an aplite vein, 
a process that probably does not involve a silicate melt. The aplite-forming matter 
postulated for this mechanism would presumably be capable of collecting and crystal­
lizing to form dilation veins as well as replacement veins. 
PLATE III.-A composite vein in the Noo_sa Quartz Diorite pluton at Site 18, Figur� �- T�e vein is 
about 6 in (15 em) thick. At a, the vein IS � qua�z-feldspar-hor�blende �ock (gramt1c vem rock); 
at b, quartz-potash feldspar margins (margmal _ vem r_ock) of vanable th1ckn�ss _ are p_resent; at 
c, 
the vein from wall to wall is composed of margmal vem rock; and at d, the vem IS agam composed 
of granitic vein rock and marginal vein rock. 
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With reference to the Noosa Quartz Diorite pluton, the following mechanism
may be postulated. Fractures forme� in certain portions of �he pluton that were
completely solid. These fractur�s, which presumal;>lr we�e tensiOn fractures, created
low pressure sites. Elsewhere m the pluton, sohdlficatl�:m was n_
ot ye� comp�ete,
and silicate melt rich in alkali feldspar and quartz constituents existed mterstltlally
between hornblende and plagioclase grains, whose crystallization wa� nearly complete.
The low pressure sites at the tension joints created a pressu�e gradient an� henc� �n
energy gradient which caused some or most of the constltu�n�s of the _m
terstitlal 
silicate melt to diffuse into and through the completely solidified portiOn of the 
pluton, to ultimately arrive at a _frac�
ure and crysta_llize as alk�li feldspar and_
qua�tz.
Thus it is postulated that the vem mmerals crystallized from dispersed and migratmg 
atoms and ions that arrived at the crystallization sites, and not from a liquid phase. 
Dilation and vein growth may have proceeded simultaneously. 
The vein texture resulting from the proposed mechanism is expected to be more 
variable than that resulting from the crystallization of a static silicate melt. Thus the 
observed variability of grain size and irregularity of grain shape and distribution 
(graphic intergrowths) may be provisionally accounted for. 
It is possible, of course, that both of the outlined mechanisms may have been 
operative; i.e., some of the veins crystallized from a melt while others crystallized 
from a dispersed phase. 
Composite veins 
Description 
A few veins composed of a grey granitic fraction and a white quartz-feldspar 
fraction occur in the exposed portion of the Noosa Quartz Diorite pluton. These 
were referred to as composite veins by Houston (1959). 
One of the composite veins is shown in Plate Ill. At a, the vein from wall to wall 
is composed of a quartz-feldspar-hornblende rock somewhat similar to the adjacent 
quartz diorite host rock. At b, the vein is a composite vein inasmuch as the margins 
now consist of a white rock composed predominantly of quartz and potash feldspar. 
This fraction of the rock may locally extend from wall to wall, as at c. At d the vein 
is again a composite vein. As the vein becomes narrower (behind the observer of 
Plate I II), it consists entirely of the white quartz-feldspar rock. 
In some composite veins, three rock types are recognizable, as shown for example 
in Figure 4. This vein consists of a central discontinuous zone of granitic vein rock 
(quartz-potash feldspar-plagioclase-hornblende-biotite) which grades into a rock 
referred to as the transitional vein rock (quartz-potash feldspar-plagioclase, minor 
hornblende). The margins are composed of a white quartz-potash feldspar rock, 
referred to as the marginal vein rock, and, where the vein becomes narrow and 
terminates, it consists entirely of this rock. The distribution of these three rock types 
in the vein is indicated to some extent in Figure 4. This figure also shows the variability 
in thickness of the quartz-potash feldspar margins and their local discontinuity in 
a manner reminiscent of en echelon joints. 
Because the central portion of many of the composite veins is a rock that is very 
similar to the host rock, recognition of the veins in many places depends to a large 
extent on the presence of the light coloured quartz-potash feldspar margins. Con­
sequently, where the margins locally "disappear" or have not developed, no contact 
can be found between the central portion of the vein and the host rock. This is shown 
a� a in Plate IV. The result is a loss of recognition of the vein as a rock distinctly 
different from the host rock. Where both margins of a vein "disappear" as one 
traces the vein along strike, the whole vein effectively disappears and grades into the 
host rock. This peculiarity is found at Site 16 where a composite vein has been mapped 
in detail (Fig. 5). 
The material found in the vein system shown in Figure 5 may be divided into 
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FIG. 4.-Composite vein in Noosa Quartz Diorite at Site 18 (Fig. 2). 
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three rock units as shown in the legend. In addition, some patches of a rock of variable 
grain size (pegmatite) appear to be associated �ith the yein, and <?ne small inclusion 
of a plagioclase-hornblende rock was found m th� vem_. The mmeral content and approximate mineral proportions of the three maJor vem-rock types and the host
rock are listed in Table 4. 
As noted above, the quartz diorite host rock in the vicinity of the veins sho�n 
in Figure 5 is composed of an aggregate of plagioclase and horn�lende crystals, w1th 
minor interstitial quartz and potash feldspar. The mmeral proportiOns are reproduced 
in Table 4 to enable comparison with the vein rocks. 
Plagioclase 
Potash feldspar 
! Quartz 
Hornblende 
TABLE 4 
MINERAL ASSEMBLAGES AND PROPORTIONS (IN 
VOLUME PER CENT) OF THE VEIN-ROCK TYPES 
AT SITE 16 (FIG. 5), AND OF THE HOST ROCK 
(Location of Specimens Indicated in Figure 5) 
HosT RocK VEIN RocKs 
Quartz Diorite Granitic Transitional 
Vein Rock Vein Rock 
N6-64 N6-64 N7-64; N8-64 
53 41 36 
12 12 26 
18 33 30 
10 7 6* 
Biotite and chlorite 4 7 2 
Magnetite 3 < 1 <I 
Others <I <I <I 
Plagioclase nx 1.555 .002 1.555 ± .002 
composition An 55± 2 An 55± 2 �An 55 
Hornblende nx 1.655 ± .005 1.655 ± .005 
colour, Z= brown-green blue-green 
composition Mg/Mg + Fe== Mg/Mg + 
0.60 ± 0.15 Fe= 
0.60 ± 0.15 
*Hornblende has locally altered to chlorite. 
- --- ---- -
Marginal 
Vein Rock 
N6-64; N7-64 
8 
62 
30 
<1 
<1 
<1 
The granitic vein rock, which is the prevalent rock type in the larger veins 
(Fig. 5) is very slightly darker in colour than the host rock. It contains the same 
minerals as those found in the host rock and in very nearly the same proportions 
(Table 4). The composition of plagioclase in the granitic vein rock is apparently 
identical to that in the host rock, and the Mg :Fe ratio of hornblende is estimated 
to be approximately the same as in the host rock (Table 4). The texture of the granitic 
vein rock is also very similar to that of the host rock in all respects, except that, 
whereas the diameter of quartz grains in the host rock is approximately 0.1 mm, 
the diameter of most quartz grains in the vein rock lies between 0.3 and 1.0 mm. 
Thus the most significant difference between the granitic vein rock and the host rock 
is that the quartz content and grain size in the vein rock are both relatively great. 
The transitional vein rock is the dominant rock type in veins of moderate thick­
ness (Fig. 5). Gradations from granitic vein rock to transitional vein rock may be 
seen at band c in Figure 5. 
Although the transitional rock is somewhat variable in mineral content, the 
mineral proportions listed in Table 4 are perhaps nearly average values. The rock 
does not differ greatly from the granitic vein rock; the main difference being a decrease 
in the proportion of ferromagnesian minerals and an equally great though less 
conspicuous increase in the proportion of potash feldspar. Plagioclase of the transi­
tional vein rock appears to be more sodic than that of the granitic vein rock (Table 4). 
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The texture of the transitional vein rock is similar to that of the granitic vein 
rock. However, as the potash feldspar content of the rock increases, the apparent 
average grain size of the rock decreases, since this mineral forms relatively small 
grains in all rocks. 
The marginal vein rock is found along the margins of composite veins, where it 
forms sharp contacts with the host rock on one side and gradational contacts with 
the granitic and transitional vein rocks on the other side. The margins are normally 
a few millimetres thick. As veins become narrower near their terminations, grada­
tions are found from the transitional vein rock to the marginal vein rock, which 
occupies the narrowest portions of the veins (Fig. 5). A portion of a vein from a grada­
tional zone of this type is shown in Plate V. 
The marginal vein rock is characterized by an abundance of potash feldspar 
and near absence of ferromagnesian minerals (Table 4); in mineral content and bulk 
chemical composition it closely resembles the aplite described above. The rock 
consists of an aggregate of very fine quartz and feldspar grains, most of which have 
diameters that fall in the range 0.05 to 0.10 mm. 
PLATE IV.-Narrow composite vein in a fragment of Noosa quartz Diorite. The "disapJ?earan�e" 
of the quartz-potash feldspar margin at a has caused a gradatiOn from the central gramhc portiOn 
of the vein to the quartz diorite host rock. Scale interval = 1 mm. 
A narrow zone of exceptionally fine-grained quartz and feldspar may be found 
near the contacts where the marginal vein rock occupies terminal regions of veins 
(Plate V). Quartz-feldspar intergrowths similar to those found in the aplite veins 
may appear in and adjacent to these zones. 
Interpretation 
The sharp contacts between the composite veins and the enclos�ng quartz
. 
diorite
suggest that the veins are fracture-controlle.d, and th� n�ar parallelism of theu wallsas shown in Figure 5 suggests that the vems are dtlatwn rather than replacement 
vems. 
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ln view of the significantly great difference in bulk composition of the marginal 
and granitic vein rocks, as indicated by differences in mineral content, the possibility 
that the margins of the composite veins are "chilled margins" cannot be considered 
seriously. 
The gradational nature of the contacts between different rock types within the 
veins and the irregular distribution of the different rock types within single veins 
suggest that the veins may be made up of two or more discrete emplacements of 
vein-forming matter separated by one or more time intervals. 
lt may be suggested, therefore, that a single intrusion of vein-forming matter 
took place and that the different vein-rock types evolved by some process of differen­
tiation (Houston, 1959). However, because small veins have a different bulk composi­
tion from that of large veins (Fig. 5) and because direct evidence for differentiation 
(e.g. crystal settling) was not found, the specified mechanism is not considered 
unconditionally acceptable. 
Another mechanism may be proposed. It is suggested that the composite veins 
were made up of two constituents which arrived at the site of vein growth by two 
separate paths. One of these constituents was a silicate melt, similar in composition 
111111111111111 
PLATE ':f.-A !Iarrow qua_rtz-feldspar vein in the Noosa Quartz Diorite at Site NS-64, Figure 3. 
The vem consists predommantly of potash feldspar and quartz. Very fine-grained quartz-feldspar 
zones are present at a. Scale interval = I mm. 
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to the melt that produced the quartz diorite country rock. This constituent arrived 
at the site of vein growth by fluid flow along a dilatant fracture and c�ys.tallized togive the granitic vein rock. The other constituent was a mass of alkah-nch matter 
that arrived at the site of vein growth by diffusion through the solid country rock 
and possibly has an origin in some part of the pluton that had not. yet co�pletelysolidified. This constituent, when crystallized, produced the margmal vem rock. 
An intermingling of the two constituents at any place in the vein produced the 
transitional vein rock. 
It appears to be necessary to postulate that the alkali-rich constituent usually 
arrived first, when the fracture, which formed the site of vein growth, and the dilation 
were of small magnitude. Thus the smallest veins contain only alkali-rich rock and 
it is thought that the two marginal portions of the larger veins were initially small 
single veins, some of which were en echelon veins (Fig. 4). However, as the fracture 
that formed the crystallization site became extended and dilation increased, the 
fracture tapped a portion of the pluton that was sufficiently unconsolidated and 
sufficiently mobile to flow in and crystallize to form the granitic vein rock. This 
mechanism could account for the peculiar vein terminations, as shown at a, Figure 5. 
The above mechanism is not entirely satisfactory since it does not explicitly 
account for all properties of the composite veins. It is especially unsatisfactory in 
that it is no help in understanding the erratic distribution of the transitional vein 
rock. It is obvious that a number of complex and elusive processes were operative in 
the evolution of these veins, processes that may become more clearly understood 
with further study. 
CONCLUSION 
At least two hypotheses may be advanced regarding the mechanism of vein 
emplacement. It is clear that the pluton crystallized from a silicate melt and it is fairly 
certain that the source of the veins is linked to the source of the pluton, but little 
is known regarding the process which caused the vein-forming matter to separate 
from the quartz diorite mass, and little is known regarding the method of transport 
of the vein-forming matter from its source to the veins where we now find it. The 
commonly accepted hypothesis regarding the emplacement of aplitic and granitic 
veins, namely the injection of a silicate melt or "residual solution" and subsequent 
crystallization from the fluid phase, appears inadequate to account for the properties 
of the veins of the present study. It is suggested therefore that the above process was 
replaced or accompanied by a diffusion mechanism which permitted the "residual 
solution" to move through solidified portions of the pluton, thus becoming a dis­
persed phase, and that vein minerals subsequently crystallized from the dispersed 
phase. 
The present study has not included the veins that are found in the quartzite 
�bout the Noosa Quartz Diorite pluton. These are dominantly granitic veins, rich 
m potash feldspar and quartz, and containing appreciable amounts of biotite (Houston, 
1959). Some veins at Site 11 (Fig. 2) and elsewhere superficially resemble the aplite 
and composite veins found within the quartz diorite, but the texture and mineral 
content are unique, possibly as a result of the incorporation of some quartz from the 
quartzite during vein emplacement. 
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